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iHcmumym MameMamuKU HAH YKpainu, Kuie 

CO ■ AHOTau,iH 

^^ ■ We expand the ranges of permissible values of n (n G N) for which Poisson 

kernels P q ^{t) = ^2 q k cos I kt ,g£ (0,1),/3gR, satisfy Kushpel's condition 

P^. k=i V 2 / 

Cy t 2n- As a consequence, we obtain exact values for Kolmogorov widths in the space 

C (L) of classes Ci ^ (Ci x ) of Poisson integrals generated by kernels P q ./3(t) in new 

p^ | situations. It is shown that obtained here results we can't obtain by using methods 

CN ' of finding of exact lower bounds for widths suggested by A. Pinkus. 

"^ ■ Po3uiHpeHO o6jiacTi flonycTHMHX 3HaueHb napaMeTpa n (n £ N), npn hkhx *mpa 

U: „. „ D _ u , _ ^ jfc_^ p« 



(N 



£ 



HyaccoHa P q p{i) = ^2 q cos I /c£ I , g£ (0, 1), /3 G R, 3ajj,oBojibH$uoTb yMo- 

^h ! fc=i V 2 / 

By Kymnejia C y ^ n - ^ K Hacjii^OK, b hobhx CHTyaumx BCTaHOBjieHO Toum 3HaueH- 

hh KOjiMoropoBCbKHx nonepeuHHKiB b npocTopi C (L) KjiaciB iHTerpajiiB IlyaccoHa 

Ci ^ (Co x ), nopo/i,»ceHHX a/ipaMH P q ^{t). HoKa3aHO, mp 3Hait/j;eHi b po6oTi pe3yjib- 

TaTH HeMOJKJIHBO OJJfipjKaTH, BHKOpHCTOByiOUH MeTO/XH 3HaXOJJJKeHHH TOUHHX OniHOK 

£> \ 3HH3y nonepeuHHKiB, sad 6yjin po3BHHyTi A. IliHKycoM. 
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in 

o 
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Hexaii L = L\ npocTip 27r-nepio^HHHHX cyMOBHHX qbyHKuiii / 3 HopMoio \\j \\ 

■K 

J \f(t)\dt, Lqo ~- npocTip 27r-nepioflHHHHX BHMipHHX i cyTTeBO o6Me>KeHHX dpyHKuift 3 
HopMoio H/lloo = ess sup \f(t)\, C — npocTip 27r-nepio^H x iHHX HenepepBHHX qbyHKiiift /, y 
k> ■ HKOMy HopMa 3a,n;aeTL.cfl piBHicTio ||/||c = m &x |/(t)|. 

n 

iHTerpajioM IlyaccoHa dpyHKuii ip G L° = {(p G L : J (p(t)dt = 0} Ha3HBaioTB dpyHKuiio 

— TV 

/, mo 3o6pa>KyeTbC2 y BHrjia^i 3ropTKH 



<\e 



7V 

f(x) = A + ^-f P q)P ( x - t)<p{t)dt = A + (P qtP * <p) (x), A e 

— 7T 

P 9 A*) = X^/cos (kt-^-Yqe (0, 1), p e R 



E (2) 

- 3AP° IlyaccoHa P q ,p{t) 3 napaMeTpaMH g i /3. OyHKuiio </? G L°, noB'jreaHy i3 / 3a 
npnoMoroio piBHOcri (1), Ha3Hi 
(flHB., HanpHKjia^;, [1, c. 302]). 



flonoMoroio piBHOCTi (1), Ha3HBaioTB (g, /3)-noxi^iHoio qbyHKuii' / i no3HaHaiOTB nepe3 fi 



MHoacHHy ycix iHTerpajiiB IlyaccoHa BHrjia^y (1) y BHna^Ky, kojih 

\\<P\\p < 1,P= l,oo, 

6yn;eMo no3HanaTH nepe3 Ci . 

Hexaft d m (Wt, X) — m-BHMipHHi! nonepenHHK 3a KojiMoropoBHM ueHTpajibHocHMeT- 
pHHHo'i mhojkhhh 971 6aHaxoBoro npocTopy X, to6to BejiHHHHa, mo o3HanaeTbca piBHicTio 



d m (Wl,X) = inf sup inf ||/ - u\\ x , 

FmCX f(Z$Jl u£Fm 



(3) 



,n,e 30BHiniHiii inf po3rji5i,zi;aeTbC2 no Bcix m-BHMipHHx jiimHHHx nynipocTopax F m 13 X. 

3a^ana npo 3Haxo^>KeHH5i tohhhx 3HaneHb a6o nopH^KOBnx ohihok KOJiMoropoBCBKnx 
nonepenHHKiB fljra pi3HOMaHiTHnx (pyHKHioHajibHHX KOMnaKTiB b pi3HOMamTHHX cpyHK- 
n,ioHajibHHx npocTopax Mae 6araTy icropno, o3HanoMHTHCB 3 hkoio MOJKHa no po6o- 
Tax [2-12]. 

3a^ana npo oGnncjieHHa nonepenHHKiB d m (Wl, X), hk npaBnjio, po3na^aeTbcs Ha ppi 
nacTHHH. CnonaTKy cpiKcyeTbca fleaKHfi nyuipoerip F m C X, dimF m = m, i o6nncjnoeTb- 
ca BejinnnHa 

£(F m ,9JT,X) = sup inf \\f-u\\ x , (4) 

/GOT "£"»• 

3po3yMijio, mp 3ri^HO 3 (3) i (4) 



E(F m ,m,X)^d m (^X). 



(5) 



IIoTiM fljia: nonepenHHKa d m (Wt, X) oTpnMyioTb ohihkh 3HH3y. IIo3HanHMo nepe3 T^n-i 
ni^npocTip TpnroHOMeTpnnHHX nojiiHOMiB t n _ 1; nopa^oK hkhx He nepeBHinye n — 1 i po3r- 
jiaHeMo BejiHHHHH HaftKpamHx Ha6jiHaceHb E n (Ci 00 )c = E{T2n-\, Cl qo, C) i E n (Ci x )l = 
= E[72 n -i,Cp tl ,L). 

51k BHnjiHBae 3 [8, 13-15], fljia ^OBijibHHX q G (0, 1), (3 G R i n G N MaioTb Micue 

piBHOCTi 

^»(CJ,Jcf = K(C|,i)l = \\P q ,0 * yJlc = 



J2 o.. 1 1 sin I ( 2z/ + 1)^ - ^r 



i>=0 



2i/ + l 



(6) 



«e 



V?n(^) — sign sin nt, 
a. 9 n = 9 n (q, 0) — e^HHHii Ha [0, 1) KopiHb piBHHHHH 



J2 g (2-+Dn cog f( 2j/ + 1)9n7r _ §A = 



(7) 



ToMy, 3 ypaxyBaHHHM (5), ^jih po3B'H3aHHH sa^ani npo Tonm 3HaneHH3 BKa3aHHx none- 

peHHHKiB 3ajIHHiaeTbC5I BCTaHOBHTH OHIHKH 3HH3y 



d 2n(C|„,C) ^ II P q ,0*tp n I 



c, 



d 2 n-i(C q p iV L) ^ \\P qt p * ip n \\ c . (9) 

MeTa ^aHoi poGoth nojiarae y flOBeflemii ohihok (8) i (9) y hobhx, He flocjiiflxceHnx 
paHinie, BHiia^Kax. 

Bnepnie HepiBHocTi (8) i (9) npn ? 6 (0, -], j9 G Z i n 6 N BCTaHOBHB O.K. Kyinnejit 

y [6] i [7]. 3ro^oM B.T. IIIeBaji^iH [8] noKa3aB, mo 3a3Hanem HepiBHocTi BHKOHyroTbca npn 
q G (0, q(/3)], (3 G E i n G N, ^e q(/3) = 0,2 npn G Z i g(/3) = 0,196881 npn /3 G E \ Z. 
3 poGoth HryeH Txh Tx'ey Xoa [9, c. 211] BHiuiireae cnpaBe^jiHBicTb (8) i (9) fljis 6ynB- 
axnx q G (0, 1), /3 = 2kl, I G Z, npn HaTypajibHnx n, GijiBinnx ^eaxoro, 3ajie>KHoro Bi^ q, 
HOMepa n* (npn nt>oMy 6yjio ^OBe^eHo icHyBaHHa HOMepa n* , a KOHCTpyKTHBHoro cnoco6y 
3Haxo^;>KeHH3 n* no g He BKa3aHo). ABTopaMH [16] ^OBe^eHO HepiBHocTi (8) i (9) fljia 
^OBijibHHX q G (0, 1), P G E i n G N, n ^ n g , ,n;e n^ — HaHMeHiHHii 3 HOMepiB n ^ 9 npn 
cpiKCOBaHOMy g G (0, 1), fljia hkhx BHKOHyeTbca HepiBHicTb 

43 ^, 160 q 



q^ n + — — - J N9 ^ 



10(1 — g)^ 57(n~Vn) (1 - g) 



4 



n^ a + «?(i- J fefr- < io) 

y ^aHifl poGoTi oGjiacTb ^onycTHMHx 3HaHeHb napaMeTpa n, rjis skhx cnpaB^;>Ky- 
K>Tbca ohihkh (8) i (9) B^ajiocb flemp po3HiHpHTH. IlepHi hdk ccpopMynioBaTH ochobhhh 
pe3yjibTaT po6oTH, po3r\naHeMO npn KOJKHOMy (pixcoBaHOMy q G (0, 1) HaflMeHHiHH 3 ho- 
MepiB n ^ 9, fljia skhx BHKOHyeTbca HepiBHicTb 

43 ^, q _ s _f 160 8 



<? + 7: x 9 min <^ — =-, — -= } ^ 



10(1 -q) H (1-g) 2 1 57(n - y/n) ' 3n - 7^E 

- (I 2q \ A-g A 1 ^ 

^ \2 + (l + g 2 )(l-g)J VT + ^J ' ( j 

By^eMo no3HaHaTH n;eH HOMep nepe3 n* 

TeopeMa 1. Hexau q G (0, 1). Todi 3ar doeijibnoso (3 G E ma ecix HOMepie n ^ n* 
Ma-tomb Mici^e ou,ihku (8) ma (9). 

3ayBa>KHMo, mp 3ri^,Ho 3 (10) i (11) n* ^ n q , TOMy 3 TeopeMH 1 BHnjiHBae TeopeMa 2 
Po6oth [16]. OT>Ke, ccpopMyjibOBaHa TeopeMa y nopiBHamri 3 TeopeMoio 2 po6oth [16] 
,ap3BOJiae po3HinpHTH o6jiacTb ^onycTHMHx 3HaneHB napaMeTpa n, rjik skhx BHKOHyroTbca 
ouihkh (8) i (9), npn thx 3HaneHHHX q, fljia hkhx n q > n* . 06nHCjieHHH noxasyiOTb, mp 
HepiBHicTb n q > n* BHKOHyeTbca 30KpeMa npn ycix q G [0,4925, 1). HanpHKjia,n;, npn 
q = 0,5 n q = 969, a n* = 963. 

JJ,oeedeHHH. Byn;eMo BHKopncTOByBaTH 3anponoHOBaHHH O.K. KyninejieM MeTOfl 3Ha- 

XO^JKeHHH OU;iHOK 3HH3y KOJIMOropOBCBKHX nonepeHHHKiB KJiadB 3ropTOK i3 TBipHHMH 3fl- 

paMH, m;o 3a,noBojiBHHioTb Tax 3BaHy yMOBy C y ^n- HaBe^eMo Heo6xiflHi o3HaneHHa. Hexafl 
^2n = {0 = x < Xi < ■ ■ ■ < x 2n = 27r}, Xfc = kn/n — po36nTTa npoMi>KKy [0, 2n] i 

P qA iit) = (P^ * B 1 )(t) = £ q j cos fkt - it^l\ , (12) 

fe=i ^ ' 



qe(0,l), /3eR, 

oo 

p,e Bi(t) = Yl k~ l s ^ n kt — sflpo BepHyjijii. OyH^aMeHTajibHHM S K-ciiji&vlhom Ha3HBaioTB 

fc= i 
cpyHKuiio SP q ^^(-) = SP qjl3il (y, •) BH^y 

2n 2n 

0, (13) 



SP q ,p,l{-) = a + y^Q fc Pg,^i(- 


-Xk), X^ afc : 


fc=l 


fc=i 


a fe £l, A; = 0,1,. 


..,2n, 


,o 3a^,OBOJibHae cniBBi^HoineHHii 




SP q ,p,i(y,yk) = $o,k = < ' 


fc= l,2n- 1. 
fc = 0, 



7T 

^e y k = x k + y, x k = kn/n, y G [0, -). 

n 
B cHjiy (12) i 3ri^Ho 3 03HaneHH5iM hohhtth (g, / 5)-noxiflHoi 

(WO)} = 5i(0, (i4) 

TOMy 3 (13) MaeMo 

2n 2n 

(5P g , /3 , 1 (-))^ = ^« fcJ B 1 (--x fe ), J> fe = 0. (15) 

fe=i fc=i 

PiBHocTi b (14) i (15) cjiifl po3yMiTH ax piBHocTi (pyHKHift 3 Li, to6to Maflace cKpi3B. B 
CHjiy jieMH 2.3.4 po6oth [4, c. 76] (pyHKuia, mp 3Haxo^HTbC5i b npaBifi sacrum piBHocTi (15) 
e KOHCTaHToio Ha KoacHOMy iHTepBajii (xk,%k+i)- ToMy, cepefl (q, /3)-noxi^HHx Gynb-HKoro 
cnjiafiHa Burjismy (13), a 3HaHHTb, i fljiH (pyH,naMeHTa,nbHoro cnjiailHa SP Qi p t i(-), icHye 
cpyHKuia, hkb e cTajioio Ha KoacHOMy iHTepBajii (xk,Xk+i)- Ha^ajii caMe Taxy cpyHKuiio 
6yn;eMo po3yMiTH nifl 3anncoM {SPg^^-)) 9 *. 

03HaneHHH 1. BydeMO Ka,3amu, vu,o Bar dennozo diucnoeo hucao, y i po36ummtt A2 n 
sidpo P q ,p(') emAsidy (2) 3adoeoAt>Hfie yMoey C y ^ n (i 3anucyeamu P q> p G C y ^ n ), ^kvu,o 
3ar vpo2o ndpa icnye edunuu gjyHdaMeHmaAbHuu ctiaciuh SP q> p t i(y, •) i Bar Ht>oso euno- 
HymmbCtt pienocmi 

sign(SP q ,p A (y,t k ))l = (-l) k ee k , k = 0,2n-l, 

de t k = (xfc+Xfc + i)/2, e k dopieume a6o 0, a6o 1, as npuuMae 3HaneHHn ±1 i ne 3aAecHcum , b 
eid k. 

fa po6iT O.K. Kyninejia [6, 7] BHnjiHBae, mp hkiho H^po Llyacco- 

Ha P Q) p 3a^OBOJIBHHe yMOBy Cy 0j 2n, A e VO TOHKa, b HKifl (pyHKu;iH 

\Pq,p* l Pn\, ^ocarae HaH6ijiBHioro 3HaneHH2, to6to \(Pq,p * Vn){yo)\ = 

= \\Pq,p * y?n||c, TO flJIH nonepeHHHldB KJiaciB 3ropTOK 3 TaKHM H^pOM MaiOTb Mic- 

6 n 7T 

He ohihkh (8) Ta (9). 3 ypaxyBaHHHM Toro, mp yo = yo(n,q,(3) = , ^e 9 n — KopiHB 



piBHHHHH (7), 6 n E [0, 1), TO flJIS flOBe^eHHH TeOpeMH 1 flOCTaTHt.0 BCTaHOBHTH BKJIIOHeHHil 

/ j^ 1 ) -7T K"7T 

Bi^noBi^Ho ,n,o jieMH 1 po6oth [161 fljia ^oBijiBHoro t E ( , — ), k — 1, 2n, Mae 

n n 

Micu,e npe,n;cTaBjieHHa: 



m=l 

b aKiii V q (t) — a^po IlyaccoHa piBHSHHa TenjionpoBi^Hocri 

1 _ *— v COSjt 



nw 



2 E- 

^ n'j 



i=i 



g J + g - - 7 



(16) 



n-l 



cos j(t k -y ) 



li(Vo)=li(k,y ) = 2 J2 

i=[Vn]+l — I An-j (2/o) I COS' 



2/? 



72(2/0) =72(^,2/0) 



-1^ 



?? 



^0(2/0 



V 



|A„(2/o)p 



(i-i 



2 £ 



^(2/0) 



J7T 



i=i |A n _ i (yo)| 2 cos — 



73(2/0) 



72 

#0(2/0)- 



2(2 + i? (2/i 



n s ' 



oj 



[V«] 



74(2/0) =74(^,2/o) = - 2 ^^ 



Sjivo) cos j(t k -y ) 



J=1 ^IW2/o)|cos — 



2n 



, n /, n o V^ cosj(t k -y ) 

75(2/o) = 7s («, 2/o = -2 > . _. — , 

i=[v^]+l y y 

n|A n _ i (y )|cos— 

(9 J + <?■')<? 
^•(2/0) = |»"i(yo)| cos(j(t k - 2/0) + arg(r i (y )))+ 



+ (-ly^Rjiyo) cos(j(t k - y )), j = 0,n-l, 



RjiVo) = \^n-j(Uo)\ ~ 



K-j(yo 



-wo 



q n- 


-.1 




qn+j 


n - 


J 




n + j 


' q n 


-3 


+ 


q^+j 



n — j n + j 



j = 0,71-1, 

+ rj(y ) ) ,j = 0,n-l, 



(17) 



(19) 



(20) 



(21) 



(22) 



r .i 



(yo) = J2rl v \y ) 



v=\ 



,,, rfin—i p i(3ny - (/3 + 1)7r ) 

r "to) - ^^ + 

°^ /(2m+l)n-j e i((2rn+l)ny -£2±p?-) 

4^ I (2m + l)n - j 

(2m-l)n+J e -i((2m-l)n!/ -^) ' 
+ - 

(2m — l)n + j 

(2) / ? n+j g n_j \ /37T 

rfClto) = (-1)* (— + -^V) (I sm(m/o - ^)| - 1) 
\n-j n + jj 2 

kn 7i . . 

£fc = , a BejiHHHHa s — sin, q, p) 03HaHeHa pibhictio 

n 2n 

(-l) s = signsin(m/ - -y)- 

3ri^,Ho 3 jieMoio 2 po6oth [16] pjik ^oBijibHoro i6li ^oBijibHoro g £ (0, 1) 

B cHjiy cpopMyji (16) i (23) BRjnoneHHa: P q p £ C yo ^n 6yn,e ^oBe^eHe fljia Bcix /3 £ IR, 
2kiu;o B,ri;acTBC2 BCTaHOBHTH cnpaBe^jiHBicTb HacTynHoi' HepiBHocTi: 

^TTT^T^fe^ + E^O, ,24) 



2 (l + g 2 )(l-g)7 \l + q 



fc=i 



,a,e BejiHHHHH 7fe(yo)) fc = 1,5) 3a^,am pIbhocthmh (17)— (21). Ou,iHKy 3Bepxy cyMH 

5 

2~^ l7fc(z/o)| A^e HacTynHa jieMa, mo e y3arajibHeHH3M jieMH 3 po6oth [16]. 
fc=i 

JleMa 1. Hexau q £ (0, 1), /3 £ JR., yo = yo(n,q,/3) = -^— , de 6 n -- Kopinb pieHHHHH 

n 

(7) i 8 n £ [0,1), a eeAunuHu 7fc(?/o)> k — 1, 5 sadammbcsi pienocrnHMU (17)— (21). Tbc?i 

npii n ^ 9 ma npu euKOHanni yMoeu 

-^- < *^ (25) 

1 - g 2 " 37n 2 l ; 

cnpaeedAuea ovflnna 



o, . ,. 43 /- o 16U 8 



fc=i 

6 



^OBe^eHHH. B xo,a,i flOBeflemiH jieMH 3 po6oth [16] ,zyiH n ^ 9 6yjio BCTaHOBjieHo, mo 

43 

|7i(j/o)| + |72(l/o)| + l73(2/o) I + |75(2/o)| ^ 77^ r*?^, (27) 

10(1 -q) 

a TaKoac, 111,0 

|*<*>| < 571^) o^F (28) 

Otjkb, in;o6 o,n,ep:>KaTH (26), ^ochtb noKasara, m;o n P H n ^ 9 fljia BejiHHHHH 74(2/0) 

BHKOHyeTBCH TaKOJK HepiBHicTB 

MM < sr^r (T^p- (29) 



3ri^Ho 3 cpopMyjioio (83) poGora [16] 



IWK^)' < 30 > 



3anHcaBinH piBHicTb (22) y BHrjis^i 



?2 77T 

— |An-i(yo)|cos— = (g , + g" J )(l + *i(i/o)), 



3 (20) Ta (30) o^ep>KyeMO, iu;o npn n ^ 9 



4j 
8 [-Ai g 00 

^ /^ jV < /jV < 

3n — 7vn / -— ' 3n — 7-v/n ^^ 

v J=l v 7 = 1 



< 



.7 = 

8 q 



3n — 7^/n (1 — q) 2 

Thm caMHM (29) ^OBe^eHo. 3 (27), (28) Ta (29) o^epxcyeMo (26). JleMy ^oBe^eHo. 

3 jieMH 1 BHnjiHBae, hto n P H n ^ 9 3a yMOB (11) Ta (25) cnpaBe^jiHBa HepiBHicTB (24), 
a oT»ce, sk HacjiiflOK, i oumkh (8) Ta (9). ToMy ^jis ocTaTOHHoro ^oBe^eHHs TeopeMH 

3ajiHinHjiocB noxasaTH, m,o npn n ^ 9 HepiBHicTB (11) 3a6e3nenye BHKOHaHHa yMOBH (25). 

91 

3a3HaHHMO, nxo npn q E (0, ] yMOBa (25) BHKOHyeTbca fljia ^obIjibhhx n ^ 9. 

zou 
J\nsi Toro, ih,o6 y n>OMy nepeKOHaTHCB ^ochtb noMhrrni, itj;o nocjii,n;oBHicTb £(n) = 

91 / 7 / / 91 \ 18 ' 
(n — y/n) In h 2 In n — In — M- - ( I I mohotohho cna^Ha npn n ^ 9 i 



250 V 37 \ V250 

£(9) < 0. ToMy npn n ^ 9 

250 V 37 V ~ V 250 



n - v ^)ln 7 ^- + 21nn-ln(^- ( 1- (^-) CO. (31) 



HepiBHicTb (31) eKBiBajieHTHa HepiBHocTi 



gi \ n ~v^ 



250/ 7 

< 



91 V 8 " 37n 2 ' 
250 



91 
a, TOMy npn q G (0 



250 J 



Q 



n ~^ l 250 



gi \ n ~v^ 



< — — nr < 



l-q 2n / 91 \ 18 ~~ 37n 2 ' 

~ V250/ 

91 

OTace, ji,jih ^OBe^;eHH3 TeopeMH 1 ^ocTaTHbo noxasaTH, mo npn n ^ 9 i q G ( , 1) 

zou 
Mae Micue iMnjiiKanis 

(11) =► (25). (32) 

^Jifl HOMepiB n TaKHx, mp 

8 
mm 



3n — 7y]~n 57(n — y/n) J 57(n — y/n) 
iMnjiiKauia (32) ^oBe^eHa y [16]. ToMy 3ajiHmaeTbca /jpBecTH i'i' npn thx n G N, fljis 3khx 

min r^ i6o \ = s 3 

\ 3n — 1\fn 57(n — y/n) J 3n — 7-^/n 

OcKijIBKH 

1 2 <? 1 + 9 ,a^ 

2 (l + g^)(l-g) 1 — q 
to 3 (11) Ta (33) BHnjiHBae HepiBHicTb 

/ \ 4 -l 

8 q (1 — q \ i-« 2 

< ' 



3n — 7y/n (1 — q) 2 \1 + q 
a, oTace, ft eKBiBajieHTHa in HepiBHicTB 



3 (34) BHnjiHBae 



s »-^-(i^(i^r >a (34) 



„>_!« fl+iV. (35) 

3(1 -9) 2 Vl-?^ 



OTace, npn n ^ 9 i g G (0, 1) 

(11) =► (35). (36) 

8 



,Uajii noxajKeMo, nip npn n ^ 9 i q G (0, 1) HepiBHicTB (25) BHnjiHBae 3 HepiBHoeri 

„ f 9(l + q) \ 2 

" > {w=T)) ■ (37) 



OcKijibKH (jihb., HanpHKjia^i;, [17, c. 58]) fljia iipBijiBHoro q E (0,1 



TO 

125 
2 / rv \ 79 



9(l + g)V / 9 \ ' a . / 9 



'Ufefi > Ulnl/g ) 



112") 
79 



I3 (37) i (38) BHnjiHBae HepiBHicTb 



)125 

3Ka eKBiBajieHTHa HepiBHocTi 

2 1 46 , . 

-run- > 3ni25. (39) 

3 g l ; 

i o 

OcKijiBKH npn n6N Inn < nias i npn n ^ 9 1 = ^ -, to 3 (39) BHnjiHBae 

y/n 3 

n (1 = Jln->31nn. (40) 

V y/nj Q 



IIpH n ^ 9 i3 (40) o/iepatyeMo 



1 n 3 9n 2 38n 2 37n 2 n 2 37n 2 

> —F= > —F= > 7= = 7= H 7= > 



q n q\fn qVn 7gv / ™ 7q^™ 7gv / ™ 7gv / ™ 

OT»ce, npn n ^ 9 i q G (0, 1) 

(37) =► (25). (41) 

91 

3ajinninjiocB iipBecTH, nip npn q G ( , 1) i n ^ 9 

zou 

(35) => (37). (42) 

^Jia UBoro po3rji3HeMo pi3HHnio v(q) npaBnx nacTHH b HepiBHocTax (35) Ta (37) 

_8g_ (1 + qV / 9(l + g) X 
WW ~3(l-g)aVl-?/ Ul-?) 

l + ? y f 8 g(l + g) ,% , 



1-g/ \3(l-g) 3 V 4 



91 
OcKijibKH q G C^TT' !)' TO 

3 (43) Ta (44) oTpHMyeivro HepiBHicTB v(q) > 0, a pa30M 3 Hero i (42). 06'e,THyroHH cpop- 

91 

MyjiH (36), (41) Ta (42) o^epacyeMO (32) npH q G ( , 1). TeopeMy flOBe^eHO. 

zou 
3po3yMijio, m;o npn q G (g(/3),l) 3Haii,n;eHi y TeopeMi 1 oumkh 3HH3y rjisl kojimo- 

ropoBCbKHX nonepeHHHKiB He BHnjiHBaroTB 3 bI^omhx paHirne pe3yjiBTaTiB, OTpHMaHHX 

b [6,8,9]. IIoKajKeMo Ha npHKjia^i a^ep IlyaccoHa P q fl(t) Ta P q ,i(t) npn q = 0,21, mp 

i'x TaKo>K HeMOJKjiHBo oTpHMaTH, KopHCTyioHHCb MeTo^aMH i ni^xo^aMH, Hlti p03BHHy- 

to A. IliHKycoM [2] rjik KjiaciB 3ropTOK i3 H^paMH, axi He 36ijiBHiyioTB ocHHjiji$miT. 3 

uiero mctoio HaBe^eMo ^eaxi 03HaHeHHH Ta TBep^>KeHHH. 3a^;aMo He HyjiBOBHii BeKTop 

X = {X\ , . . . , X n ) , Xi G K. IIo3HaHHMO Hepe3 S(x) HHCJIO 3MiH 3HaKy B nOCJli^OBHOCTi 

Xi,...,x n 6e3 ypaxyBaHHa HyjiBOBHX HjiemB, a nepe3 5* c (x) -- hhcjio hhkjhhhhx 3Mm 
3Haxy b x, to6to 

*- , c( v x J = inax o [Xi, Xj_)_i, . . . , x n , Xi, . . . , Xi) = 

i 

o yXk, Xfc-fi, . . . , x n) xij . . . , Xk) , 

^;e k — ^OBijibHe uijie hhcjio pjm axoro Xk ^ 0. fl,Jis KycKOBO-HenepepBHoi' ^iHCH03HaHHOi 
27r-nepioflHHHoi cpyHKHiT f(x) no3HaHHMo S c (f) = sup S c (f(xi), . . . , f(x m )), p<e m G N, a 
cynpeMyM posrjisflaeTbcs no Bcix X\ < ■ ■ ■ < x m < X\ + 2-k. 

03HaMeHHa 2. Henepepeny diucH03HaHHy 2ii -nepiodunuy cjjyHKyim K(-) Hasueatomt 
CVD 2n - fidpoM (fidpoM, u/,0 ne 36iAhiuye ocv^uARyii) i no3HaHammb K G CVD 2n , rkvu^o 
euKouyembCfi nepienicm'b 

S c (K*f)^S c (f), 

djia ecix f manux, u^o S c (f) ^ In. 

KaxcyTb, mp a^po <j)(x) e hhkjhhhhm H^poM nacTOT Ilojiia nopa^xy In + 1 i no3Ha- 

HaiOTB <f) G CPF 2n+1 , HKIHO 

D 2l+1 (x,y) = det(0(x 4 - y 3 ))l% > 0, 

^e ^ Xi < ■ ■ ■ < x 2 i+i < 27r, ^ yi < ■ ■ ■ < y 2t+1 < 2tt, / = 0, 1, . . . , n. 

CniBBi^HonieHHH MijK CPF 2n+1 Ta CVD 2n H,npaMH MicTHTbca y HacTynHOMy TBep^>KeH- 
Hi, m;o Hajie>KHTB Mepxio6epy, IIIoH6epry Ta BijiBHMCOHy [18] (^;hb. TaKO>K [2, c. 67]). 

JleMa 2. Hexau <f)(x) G C ma <f)(x) Mae pans ne Memuuu 3a In + 2, mo6mo icnye 
po36ummtt y^, i = 1, 2n + 2, npoMiwcna [0, 2ir) mane, m,o ^ y\ < • • • < y 2n + 2 < 2ir i 3ah 
hkozo dim(span{0(x — yi)}fZt 2 ) = 2n + 2. Todi 4>{x) G CVD 2n modi i mtA-bKU modi, koau 
E(j){x) G CPF 2n+1 3ar dejinoso aimeoeanozo e = ±1. 

51k BHnjiHBae i3 jieMH 1.3 po6oth [19], cncTeMa (pyHKii;iH {P q ^{x — |/j)}^ 2 jiimfiHo 
He3ajiejKHa i, oTJKe, dini(span{P g ^(x — yi)}1Zt 2 ) = 2n + 2. ToMy 3ri^Ho 3 jieMoio 2, m;o6 
^oBecTH, mp H^pa IlyaccoHa P qo ,p k (t) npn q = 0,21 i f3\ = Ta (3 2 = 1 He e CVD 2n -2,zrpaMH 
Hi npn 3khx n G N, ^ocTaTHbo noxasaTH, m;o 3HaH^;yTbCH BeKTopn x = (21,2^X3), 
^ xi < x 2 < x 3 < 2tt, Ta y = (y u y 2 , y 3 ), ^ y x < y 2 < y 3 < 2ir, ^jia skhx ^eTepMiHaHT 
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Dz(x, y) 3Mimoe 3HaK. Bii6epeMO BeKTopn x^ 
k = 1,2, HacTynHHM hhhom: 



xayW = (yf\yf\yf ] ), 






X 



(1) 



71 



'■> x 2 



(1) _ n „(1) 



9 



5 x 3 



7T (1) 



(2) ^ ( 2 ) 

x l — -in' X 2 



71 (2) 



1 r ( 2 ) - 

9' X3 "6 
06HHCJieHHH noKa3yioTb, mp fljia a,n;pa -P go ,o 



13vr (i) 
36 ' V2 

137T ( 2 ) 

30 ' V2 



llvr 

l30~ ; 



■!/3 



(1) 



10vr (2) 
9 ' % 



67 7T 

180' 

7vr 

" If' 



D 3 (x (1) ,y (1) ) < -9,98- 10" 10 , £> 3 (x (2) ,y (2) ) > 1,97-10" 



a fljis s^;pa P t 



D 3 (x (1) , y (1) ) < -1,3 • 10" 8 , D 3 (x (2) , y (2) ) > 1,17 • 10- 6 . 

OTace, b cHjiy jieMH 2 fljis 6yn,b-HKHx n G N P qo ,/3 k (t) & CVD 2n , (3± = 0, /3 2 = 1. 

TeopeMa 1, cpopMyjiH (5) i (6), a Taxoac TeopeMa 2 poGoTH B.T. IHeBajmma [8] ^aioTb 
3Mory 3anncaTH HacTyime TBep^aceHHa npo tohhI SHaneHHa nonepeHHHKiB d m (Ci ^ C) 
Ta d2m-i{Ci x , L), axe oxonjnoe Bi,n;oMi Ha ^aHHfi nac pe3yjibTaTH [6,8,9, 16,20]. JXjis fioro 

CpOpMyjIIOBaHHJI n03HaHHMO 



n q ,f) 



1, sixmo g G (0, 0,2] i /3 G Z a6o g G (0, 0,196881] i G R \ Z, 
n* sixmo g G (0,2, 1) i /3 G Z a6o g G (0,196881, 1) i /3 G R \ Z. 



TeopeMa 2. Hexau q G (0, 1). Tbdz 3jih doeijibnoeo (3 G R ma yen; HOMepie n ^ n gij g 
Mammb uicvfi pienocmi 

d2n(Cp t00 ,C) = d 2 n-i(CJ )0O ,C) = d 2n -i(C /3jl ,L) = 
= E n (ClJ c = E n {Cl x ) L = \\P qJt * ^n|| C = 



y^ sin ( (2^ + 1)^-^ 

^ 2v+l I 2 

^=0 x 



(45) 



cte # n = 6 n (q,/3) — edunuu na [0, 1) Kopiub pieHRHHH (7). 

TeopeMa 2 ,no3BOJi5ie ouihhth acHMnTOTHHHy npn n — > oo noBeflimcy nonepeHHHidB 
d2n(C /3tO0 ,C), d2 n -i(C /3oc ,C) Ta d2 n -i{C /3 ^ 1 ,L). 

TeopeMa 3. Hexau q G (0, 1) ma /3 G R. Todi npu n ^ n g>y g 

^2n(C/3,oo'C) = ^2n-l(C^ j00 ,C) = dvn-iyCp^L) = E n (C 'p j0 JC = 



Jin 



(46) 



de \j n \ ^ 



16 
3tt' 
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/foeedeHHtt. 3Hafi^,eMo ^BocropoHm oiriHKH npaBo'i nacTHHH (popMyjiH (45). Ockutb- 



KH, 



" sin (2v + l)O n ir - — 

2u + l V 2 



E 



< 



oo 



(2i/+l)n i „3n 

v = . n g N, 



^ ^ 2z/ + 1 " 3 1 - g 2 " 



b CHjiy (popMyjiH (64) po6oTH [16] 



1 — SlH(p n 7T - 



2d 



2 " ^ l-g2n' 

to o^,ep>KyeMO fljia ^OBijibHHX n G N, g G (0, 1) i (3 G M 



n G N, 



1 q( 2u +V n ( 8n 

sin (2i/ + l)0 n ir - — 



E 

v=0 



2u+l 



^ 1 



sin W n ix 



/3tt, 



Ag (2 " +1)n A ^ /M 



> 



> 5 "[1-- ^ 



31-g 



2d 



" sin (2v + l)# n vr - — 

2z/ + l I 2 

i/=0 v 



E 



/3vr, 



l-|sin(^7r-— )| 



+ 



sin (2u + l)# n vr - — 

2^ + 1 I 2 



E 



< 



^ q n 1 + 



4 g 



2d 



(47) 



31-q 2n J { 

3 TeopeMH 2 Ta ouihok (47) i (48) BnnjiHBae, ru;o npn n ^ n q> p BHKOHyeTbca (46). 
TeopeMy ^OBe^eHO. 
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